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Catalytic Activity of Organic FPolymers

ITI, law of Catalyzing on Chelate Folymers of Varjous Cherical Camposition
and Structure

by
N. P, Keyer, O, K. Boreskov, L, F, Rubtsova and Ye, G, Rukhadsge

The laws governing catalytic ectivity of polychelates of variocus metals,dif-
fering in composition of addenda atams connected with the metal in the chelate unit,
were investigated, It wav's re;ealéci. that catalytic activity is determined by the mpe
tal,included in the chelate unit, nature of atams,coinscted with the metal,znd the
nature of arganic radicals in the polymer, Moncreric analogues of a number of polymers
are catalytically inactive, No relationship was discovered between catalytic activity
end electric canductivity.

The great breach,existing between natural metalloorcanic catalysts = ferments of
oaxy=-redux processes and the inorgenic catalysts uscd by industry, compells to search
for ways of creating new type of catalysts, vkich will be close in their properties
to ferments, (xidation~reduction ferrments appoar to be ccmplex metalloorganie sudb-
stances,having the rolymeric slbumin part, At resent time for rany ferments was es-
tablished (by the IKS and other methods), that metal 4c ccnnected with altumin « ligand
with the aid of a chelate bond with its active groups (e.goamino-and carbaxyl groups
of amino acids (1), '

The first results fron studying catalytic activity cf polychelates, obtained
by us, roint towurd a high catalytic activity and high s;hctivitv in the actiom
of similar polymers (2) .

The purpose of this investigation was a broader exanination of laws governing
catalytic activity in relation to the chemical composition of atoms,connected with
the metal in the chelate joint, and also to cumpere catelysis over cbhelate polymers
and chelate camplex campoundsywhich appear to be monomeric analogues of

FID=TT=63=,1l/1¢2 1



chelate polymers,
The structure of chelate polymers in general view cen be presented by the follo-

wing schems

e rame ] e @)

where X and Y - stams of addenda ,included in the chelate joint and farming a donore
scceptar bond; « L = R = organie ligands,

Ve investigated catalytic Ixoperties of polychelates,obtained on the basis of
iipnd. with different X and Y atams, Pob;:hohtas with identical corposition of
eddends stams in the chelate unis were designated by us further on by one mmbeyr (see
table 1),

We investigated polychelates of copper, nickel, cobalt, iron, zine, cadium,man-
ganese and pailziiwume Into the besie chain of polychelates vere introduced radicals
of aliphatic and aramtic series R, In additiom in polymers of certain structures
vas changed the camposition of arganie graups g in the sids chains, The structure and
canposition of the investigated chelate polymers ure described in table 1

Table 1,Investigsted chelate polymers,thoir cherdeal corposition and structure

m Desicnation off (3) Organic comp.on the [3)Structure of (4)Structure of moncmeric
polychelate basis of vhiek che chelste unit link of polychelate

was derived and sbirevia-
ted designa-
$one,
1 (R)e Bis=disodiumthiacarbamate Folecular weight 40000=
‘70000
2a R,r) alpha=thical 1mnao(u-”b
phenyl, tolidina,dianizid
pyridine
(See page 3a for tadle 1)
2u(R)- Foly=4,4° =bis-alpha=thio
(amidod iphenyl, tolidine,ai
nizidine )=2, 6=1utidine,

Rethe same as in structure 2a

FTD=TT=£3=414/142 2



20 Rubdanohydrogen acid

3a (r) Schiff basis 5,5-methylenestis
~salicylic aldehyde (4)

3b(r) Schiff basis diacetylresarcin

(N3 ’f"‘r

(r=the same as in structure 3a) (See page 3a for Tadle 1)

3c(r) Schiff basis 5,5'=Ciascdiphenylene~
bis-salicylic aldekyde

(r = the same as in structure 3a)

Lo 5,5'-methylens-bis-salicylie al-
dehyde (5)

4d Dinitrosaresarcin

4s Trinitrosoflnoroglucine
(rhlaroclncinol)

® in polychel. ‘es of given structure the copper is monovalens

1. Catalytic Activity of Folymers of the structure tdis (azae-thia)
with Chelate unit 2 (N,S)Ma,

As vas shown in table 1 we investigated three types of _olyrers of given strue-

ture, obtained oo the bBnsis of thicamides of alpha=picoline with diaminess

FID=-TT-63=41./1%2 3
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benzidine, o-tolidine end o=dianisidins. The mentioned ;olymers are distinpuished by

tac redical R in the basic chain ani are designated later cn as 2a (R ,ry,) Mej 28

Rs
(Rg, rl,) Me and 2a (n7.r1.) Ms respectively, In this group of polymers for the cobe
veniencé of desigmating are included polychelates, obtained an the besis of thicami-
des 2,6=1utidine with the very same diamines,differing from previcus polymers by the
Jresence of CH; group in the aide chain (see table 1,) and designasted by us as 2a
(Roer,' Me, 2a (Rger,')Me emd 2a (Ryprp") Moo In polymers of the 2a structure the
nitrogen coardinately cornected (bound) with the metal, is included in the pyridine
ring, The second type ‘of zm ;pol;ymr with the very structure of chelate unit 2(X,S)
Me vas obtained on the basis of polythioamido 2,6-lutidine with sbove mentioned dia-~

mines, . e
Kesgghl - : .

raloAupM”

- &5
%“ = ? .

L waw
FigeleKinetic isotherms of hydrazine Figs2,Catalytic activity of polychelates
decanposition into bis (aze-this) ;oly- of 2a structure (R)e®,) for metalss
chelates of co:per of differeat structu- 1-Qu; 2= 3=Co; -1108‘. »=1m Hg,
re,distinguishel by the caxposition of
radicels (P108°p = 1 m Hg)s
1-2a(x*;,Rc)0n; 2-(r*y,R7)0a; 3-2b(R;)0a
h-&;o(m}; .(r'l.ﬁs} Cu,Zn; 6-2q (2'2 metal s formed on accom$ of active groups
Rs On, .

In this structure the chelate bond of the

of polymeric chains, having nitrogen and
sulplar ataas, which, entering with the metal into chelste donds, form s polymer of
honeyead siructures The third type of polymer 2¢ with the very same chelate unit
was obtained on the bdasis of rubleno dydrogen acid.

The method of messuring catalytic activity was describes befcre hy (2), Decom-

FTD-TT=63=414/1%2 5



position of lvdrazinp wes investigated at e hydrazine vapor pressure of 1 mm Hg,
The polymer was first degesified at 110° until gas formation has stopped,gas control-

led by the Mo-leod gege with 8 constant of 5-10'5

m-Y, Decanposition of hydrazine
vas reccrded by the [reasure rise during the separation of gaseous decompositicn pro-
ducts, Bydrazine can decampose by two reactionss

1l Nzn,‘-mzouz;

2,308, — EgR,,

In deccuposition mroducts vere determined indiviuslly nitrogen, hydrogen and
anonia pressures, On tho basis of the camxposition of gaseocus products was calculated
the percentage of hydrazine decanposition by the first and second methols,

In fig,l and in table 2 are given data on the study of catalytic activity of bis
(aza-thia)-polychelates of various metals,

Table 2, Catalytic activity bis(aza-thia)-polychelates

("Folychelates | (2)S .| (3)Rete of ro-l('}) 2 Percentage of
2Yg actign keal/molf 3, m’/h hydrazine de-
V.10 my Min composi tion
() I-ds.roﬁ-di-
t
L)) ) E)) 4) 5) &) 2)
23X, 1) Ca 0,07 217 2,7 | 5.4-10 ] n
23 (R, 1,")Ca 0.10 215 - - 2 s8
23(Ry 1) Cu 24 =0 - —_ ;) 28
22 (R 1) Cu 0,228 4 4.8 (- o '
M 0.3 7 2,6 | 3,61 u2 ¢
25 (R)Ca 1,05 s - - 57 Q
: 23 (Ry, 1,)Cu - 4,34 s 5.0 | 1.9-108 s 12
2(R. 1,)Cu, 20 | 3.17 6 - - 61 »
2Cu 0,50 7 - - 12 s
2N\i . .| om0 20 - - 1t 0 100
23(Ry, 1, Co 18,35 3. - —— | I 4 —_
23 (Ry, 1,")Ni - 5,00 1,5 - - 1c 81
2a(R,) Pd 2,37 1 73 | 1,8.900 19 8
22 (R, £,')Ni c.98 0.0 - - - -
23 (R, 1) 2 8.5 0. - — - - .
2Ry, 1,)Cu 10,40 7 $,9 2.100 80 20

It is evident, that the highest catalytic activity was displayed Yy ccprer polychel=
ate of 2a structure (RS"'I)Q'" Replacenent of 30% Ca by zine in the ;iven polychelate

in the jrocess of reparing the polymer reduces spccific catalytic activity by 38 times

FID-TT=63 14/ 142 5
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i.60 by the nonmreopoartionally substituted part of the corjere,Zinc ccmpounds of the
very same polymer siructure were catalytically inactive,

The reproducidility of results was checked on samples of several indi.idual bat-
ches, High specific catalytic activity was slso possessed by cupper chelate of 2b
structure (R;)Cu.

The gctivity of copper polychelates of 2a structure (R_S.r)m drops at the repla-
cement of the Rg redical by the Ry by 36 times, This result is remroduced in campounds
of various preparation, and the replacement in the polymer of 2a structure (Rs.r'l)
Cu of the pyridine by lutidine with the formation of structure 2a (Rs.r')m leads
to a 4,5 times drop in activity, Of the investigated copper, nickel, cobalt,palladium
and zine pclychelates the activity was demonstrated by copper chelates,In fig,2 are
given kinetic isotherms for the decc—yosition of hydruzine on polychelates of 2a
Structure (R7.v) for Cu, Coy Ni metals. It is evident from the drawing, that metals
are situated in the order of decreasing activity in the Ou\ Co )\ M4 series, In poly-
mers of structurs 2a ‘Rj"'l) nickel and zinc are inactive. Introduction of palladium
instead of copper reduces activity by 10 fold,On polychelates of various metals the
change in chemical camposition and structure of the Polymor iroduces a different ef-
fect. At tho change over from the polymer structure 2a (R7.r'.1) Ca to structure 2a
(Rs.r'z)m activity of the polymer rises by 7,5 times, and for nickel polymers it
drops by more than 10 times, In this way on different metals the siructure of the polymer
exerts an irregular effect,

2, Catalytic Activity bdis (aza=axa)=-polymer in chelate
unit 2 (N,0)Me

Ve investigated the cetalytic activity of three types of polymers with mentioned
couposition of the chelate unit, differing in chmmical composition and structure of
Folynmeric chain (see table 1). Fol mers,desigrated further as structurs 3a,vers obe
tained during reaction of rolymeric Schiff's danes (pol,y-5.5'-methylcne-bis-salicylal

d4inines, poly=5,5'-metlylenc-bis-s:licylal ethylenodiirines, poly=5,5'-methylens

FTD=TT-63-411/1+2 6
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bis=salicylal~hexumethylene diimines, poly-5,5'-methylene~bis -salicylal-phenylens=dii-
minss) with metal salts, In this case were derived polymers of 3a(r)Me structure
(redicals r are designated in table 1) with Cu2*, NM°*, zn%*, Fe2*, Mn2 metals, Poly.
mers with the very same chelate unit bis (aza-cn)-etmctur; 3b(r)l‘h were obtained
on the basis of discetylresarcin during its reaction with carresponding metal salts.
In this structure as well as in the previous one the radical r attaches itself to
nitrogen atoms,connected with the metal, The very :zume radicals have been introduced,
Structure 3c(r)Me diffcrod..franjn(r)lb by the rresence in the polymer of an amido-
diphenyl redical chain analogous to the one which is included in the polymer of strue-
ture 2a. In fig,) are shown kinetic 1aotherm+f hydrazine decomposition at 108° into
bYis (aze-oxa)=rolychelate of corver.In table 3 is given a summry of dats on cataly-
vaerwigpd ’ tic activity of this graup of polymers,Cop-
:[ Der chelates are arranged in serids in the
oder af decreasing activitys 3b(23)0:,3e
(ry)cu; 3a (ry)0u, 3a (r,)0n, 3b(ry)0n, The
rate of catalytic decomposition of hydrezine

increases when radical rp is replaced

by Ty in copper polychelates of 3b structure

at unclanged coxposition of remsining

*d
Fige3eKinetic isotiuerms of hydrazine de- polymer by 20 fold, An analogous effect on
compositionknto bis (azs-axa) polychelates
of copper of various structure,differing catalytic activity is oburvd for copper
by the canposition of radicals (™=108°,
P= 1 m Hg)s l-30(r m; 2-30(1'%‘013 polychelates of 3a(r)Cu structure, Replacemsnt
3=3a(rp)u; h'BO(Rl) 3 5=3v(ry(

of ry radical by Ty increases the activity
by two times. The structural effect of the polymer with unchmged radical -r.attaehod
to nitrogen atams, connected with the metal in the chelate unit, is less considersdle.
And s0 for copper polychelates 3a (rz)m; 3b(ry)0n end 3e(r,)0n the activity chenges
in retio 1101303 20, 1,0, ohly & by a total of 5 times. Highest catalytic activity

in polymers of structure 3a, 3b and 3¢ is denonstrated by copper polychelates,

FTD=TT=63=414/142 7



1e5s active are polycholates of iron, Totully irctive ure polychelates of nickel
and zine, In fiz.) Is shown the rate of catalytic decayposition of hydrazine in
standard conditions at 108° for bis(aza~cxa)-polychelates of copper and iraon,

Table 3. Catalytic Activity of bis(aza-axa)-}olychelates

(1)Folychelate| (%), ,,[(WRete of reac. (¥)E (kg - Fercentage of hydra-
:;gn H.l,oj, kcal/mol ) “ﬂ,/,,:‘,,u". zine decomposition
n2/¢ (6)1 airec-|(7/I1 direc-
tion ticn
() (2) (3) () (S} ____ (e) (D
a(r) Cu 19,90 5 33 1,5.00% 2 59
ots | el | 8, | B el A1 e
3a () Nt 1,57 0,0 — ' — — —
3a{rs) Ni 4,67 0,0 - —_ - -
dair,) Fe 7.15 2.0 [ 6-10° 17 83
3 (z2) Fe 3,81 6.0 3.2 1-108 20 30
33 (r3) Fe 16,60 0,6 6.0 5-10¢ 43 57
3a(s)n 0,58 0,0 -— - _— -—
3a(r;) Zn 9,40 0,0 - - -_ —_
36 (1.) Cu 0,39 2.0 - - 68 k2]
36 (1) Cu 0.2 40 - - 58 rt
36 (123 N1 1.31 V.0 - j— -~ -—
36(r)) Ni 4,9 0.0 - - - -
36(r,) Zn 0.2 0.0 - - - -
3s (r) Cu 0,40 10 - - 54 46
() Mn 11.3 6 - - 31 ,69

Catalytic activity of copper polychelates is considerably higher. In the drawing is
shown the activity of iron catalysts,obtained as result of developing a catalyst

(initial activity lower), For iron polychelates the [resence of radical r, is also
connected with much higher activity as qompared with r; and r3.1;t1vity changes in

P ) I
ratio 61210.6. "i‘"""" - .

Fized
FigeleDependence or specific rate of decanposition of h:drazine on bis(aze-com)-
copper polychelates (curve I) and iron ;clycheistes (curve II) of various structure

FTD=TT=63=)14/1¢2 8



and chemical campositions 1-1-3b(r3)Cu; 2-3b(rp)0u; 3=3a(r2)Qu; 4=3a(r))Qu; 5-3b
(rl)m; II-1=3a(r2)¥e; 2-3&(!1)?01 3-3&(1'3)1"0; T= 108° P= ) mm Hg,

Fig.5eKinetic decamposition isotherms of ! into bis(di-oxa)-copper polychelates
l=4c(u); 2-4b(Qu); 3-4a(Cu); = 1087 Fel rm Hg,

The polymer, consisting manganese in the strueture Ba(rl)lh has a catalytic activity
~close to the activity of iron polychelate 3a(r,)Fe,

3. Catalytic Activity of bis'di-axa)-polymers with chelate
unit 2(0,0)Me, -

Ve investigated the catalytic activity of bis(di-oxa)epolymers of three structures
(see tabdle 1), Care s e '

In fig.5 are presented kinetic isotherms of hydrazine decamposition on three
types of bis(di-axa)=copper polychelates, It is evident,that meximm activity is dis-
played by the sample of structure f,c(Cu), Specific catalytic activity of the sanple
of structure 4c(Cu) exceeds by 4 times the activity of sample structure 4b(Cu). Foly-
mer of structure La(Cu) bas a much lower activity., It is characteristic,that polyners
containing iron and nickel, in structure 4¢ (table })have the low  catalytic acti-
vity, while in structure 4a they are totally inactive, Specific catalytic activity of
polymers in the series 4o(Cu), Lo(Fe), Lc(NL) at 108° is expressed by the ratio (44s
3a1) 10.3 o /u’ emin,

Table 4,Catalytic activity of bis-(di-oxa)-polychelates

() Folychelate (2)S (3 Vv 103 (4#) Fercentage of hydrazine de-
mc m’/n?.mn camposition
(7=108°) I direction [3)II directiom
()] @__@) () _(5)
| '
4aCw | o i o5 & "
43 (Fe) 083 ¢ 0. - -
iy ‘ 1.6 | 120 I 0 100
wey R EE 2 )
M 3. )
et | 18| ] s W

4o Effect of siructure and chemical couposition of
polymer on selectivity

Up until now we accented our attention on the total rate of hydrazine decomposi-

FTD-TTw63=41,/1+2 9



tion, axitting the trend of the decomposition, The trend of the decomposition char.
acterizes a very ioportant property of the catalyst -« its selectivity. As was shown
by an investigation of polychelates with different composition of the chelate_
unit and the arganic radicals included in the polymer, selectivity, as well as the
rate of decanpomsition,are very sensitive to the structure and chemical camposition
of the chelate unit and organic part of the molecule as well,
Selectivity can be evaluated by the ratio Yt rates of hydrazine decamposition

by the first and second method,- - :

To 11.:vestignh copper polychelates the decomposition trend changes from 100%-
Gecamposition by the first reaction into nitrogen and hydrogen far certain polymers
of structure 2 axd 1 with chelate undt 2 (N,S)Cu and (S,S)(u to 100% decampositiom
into nitrogen amd ammonia by the 2-nd reaction for copper polychelates of structure 3
vwith chelste unit 2(N,C)0u 822 structure 4b with chelate unit 2(0,0)Cu, When changing
the argamic part of the jolymer by introducing radicals R and r of various structure,
the ratio of rates of Gecamposition of hydrazine in the first in second reactions
and the selectivity hawe ar intermediate value,

Ir fig.6 1s given the dependence of selectivity of the investigated copper poly-
chelates ujon their chemical ecaosition and structure. Along ths axis of the ordimates
sre plotted ratios of rates in accordance vith second and first reactions V,/¥;. On
the axis of the abscissa to the left are situated compounds leading the deccmposition
igto nitrogen and hydrogen, to the right = lesding decazpositicn into armonia and
nitrogen, The ratioc of rates of decazposition '2/'1 on certain polymers changes with
tempere ture,which indicates a differcnce in activation energies of those two decom~
rosition jrocesses, Suck a change tcok place in 2b(Cu) and 2.(1!5.1-'2)@ co=pounds,

With tke rise in temperature the percentage of decamposition by the first reaction
iacreased in both instances ,which indicates a much higher activation energy of de-

cocpocition bty the first reaction, Activution energles,culculated for the decomposi-

FTD-"T=63=41L/142 10



tion by first end second reactions on the compound 2a( 5.:'2)0.1. equal 5,7 and 0,6

" ckal/mol resp. On compounds 3a (r)Cu decomposition in the entirs investigated range

of temperatures takes place in accordance with second reacticn., On the polymer 23(!%)01
the ratio of the rate of decamposition W./¥; in the interval of 26-108° remains ccn-

stant, indicating approximate equality in activation energies of both mrocesses,

An amlogous dependence of selectivi- /N

ty upon composition is also observed for 5
nicksl polychelstes. And 50, for example, - T
on a nickel Polychelateof structure 2b “
with chelate unit 2(S,S)M the deccmposi- "
tion of bydrazine in the investigated range r

of temperatures occurs by second roac- o
tion, On a nickel rolychelate of rrevicus— 2r
1y inovestigated structure 1 with chelate unit =53
2(s,S)N8, the rete of decomposition by Fige€eSelectivity of catalytie decamposi-

tion of hydrazine by first and second re-

first and second reactions ere comensue &actions for copper pclychelates of wvuriocus
structure and chemical campositions

rate, their ratio chenges amcothly in ‘e- 1-1(3 JCu; 2=1(Rc)0u; 3-%(: )03 L=2b(r?,)
Cu; 5-2b(r' )(RsJ0a; 6=3b(ry Jous 7=3a(x;)

pendence upon the organic rasdical,which  Cuj 3-20(013 9= 3b(r1)m.

is included in the polychelate, In this way,tkL: selectivity of the reaction sensitive

to chemical canposition of the chelate unit, 2s well as to structure and camposition

of organic radicals of the polymer cen be regulated in broed limits by chamging sex,

5S¢ Coarparing catalytic sctivity of jolychelstes with
catalytic activity of correspondiing moncmers,

when studying metslloorgerdec chelate polymers a (roblem arises on whether
the specifically observed laws of catalytic ac tivity for polymers are not determined
by the effect of atams very close to the metal anl whether the complex eumpounds will
be of the very sams compositicn,i.eemcnomeric enalogues of investigated polymers,

and possess analogous properties, To explain this rroblem was mcasured the specifie

FTD=TT=63-414/1+2 11



catalytic activity of monomric analogues, rejpres.nting coe link in the series of
polychelates listed in table 1, The structure of the investigated caxplex compounds
-~ monomers, thoir specific cetalytic activity and catolytic activity of carresponding
polymers are listed in table 5,

Of the series of monamers listed in table 5 for the three first cnes correspomn~
ding polymers were distinguishel by high catal/ tic activity. The investigated corres-
ponding monamers were found to be in anmdlogous conditions catalytically mctivo.

Table 5, Comparing catalytic activity of polymers with activity of corres.-
ponding mnnomerie analognes

((:;npoaition of monceoar @ ::::.:.i;ue. ,s@?g" we10” [ Folymer ﬁ‘?’g" Uﬁr
== o %] ol lEm

(See page 12 & for Table 5)

FTD=-TTw63-414/142 12
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0,56

0,32
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0,00

0,00

0,00
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0,00
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One of the monamersecopper salicylalimine

less active polymer 3:(1'1)0.1. had at 108°

» reiresenting a munameric analogue of a

a specific catalytic activity,close to the

catalytic activity of corresronding polymer 3a(r;)Cu.

Estimetion of results

We investigated polychelates bis(aza-thia), bis(aza-cxa), bis(dioxa) and a pre-

viously investigated system of di-thia (2.
chelate units of vhich can be presented c
and 2(S,S)Me, In the latter case for coppe

ture Cu(S,S) as result of tin monocharge

of polychelates theo copper was in bivalent state,

Investigation of hydrazine deccmposi-
tion showed,that the catalytic activity
of polychelates depends strongly upon the
chemical nature of the atams, connected
with the metal in chelate unit,In fig,7
is shown the change in rate of decamposi-
tion of hydrazine at 108° cn copper poly.
chelates with various composition of ade
denda atams in the chelate unit in depen~
dence upon the nature of organic radi-
cals,included in the polymer, Polymers
arrenged in the order of reducing their
catalytic activity. It is evident frm
the drewing that highest reactivity is po

tds(aza-thia), followed by di-thia copper

) polychelates, the composition of the
onditicnally as 2(R,S)Me32(N,0)Me; 2(0,0)Me
r polychelates the chelate unit had a strue-

state of the coppereIn all remaining structuves

WMLl o - .

)

Fig,7.Rate of decamposition of hvdrazine
ol copper polychelates,characterized by
canposition of chelate unfit,in relatiom
to corposition or arganie radicsl of roly-
per s

1-2(N, S)u = 1 = 2a(r*y,Rs)Cu, 2-2b(R;)C03
3-26(Cu)y_U=2a(r"oeRe)00,750 2b(Re)0u,
&e.(r' .37)015 Il « (S.S)Ql-l-l.( )Q!.
2-1(R3)0a, 3=1(Rc)Cu, 4-1(R,)CU; II1-2(0,0)
Cu-1-Fe(0u), 2-:B(Ca), 3~4alOn)s IV-2(No)
Cu-1=3b(r;)u, 2=3¢(ry)cu, 3=3a(r;)n,
4=3a(ry)u, 5‘3"(’2)010

ssessed by bis (aza-thia)copper polychelates

polychelates, of Yhich cnly one had an acti-

vity, cazparrble with the mean activity of aza=thiacopper polychelates. The catalytiec

acti:‘iy of series bdis (di-axa)~ and bis

In this way, ins pite of the fact,that the
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(aza-cxa)=-co; per polychelates is close.

introduction of various orcanic radicals
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into the basis and side chains of the polymer exerts a stron effect on catalytic activity,

by changing same in broad lirmits, coprer polychelates,depending upon the camposition

of the chelate unis can be arrqged u+eriea s 2(N,S)a >(S,S) m}z(n.o)m; 2(0,0)

Far nickel polychelates was derived a similar dependence of activity upon the
"stmcturo of the chalate unit.The highest catalytic activity was discovered for
nickel polychelates in structure 1 and 2 with chelate unit 2(S,S)M amd 2(N,S)M, In
structures 3 snd 4 with chelate units 2(N,0)NM and 2(0,0)NL respectively, nickel poly-
chelates are catalytically '1n§c:tiv-a.. Onﬁ'me polymer of structure 4e (M) had veak
catalytic activity, 'l'ho copper polymer of the very same structure 4o(Ca) is 4 times .
more active, Attention is attracted by the fect that bis(xza-thia)-nickel polymers
are less active,than bis(di-thia)-polymers,For copper polychelates we have a reverse |
dependence, It is possidle, that this difference is ccnnected with the facty,that the
copper in these campounds, in contrast to Ni, is not in an identical valent state,

Quumarizd ng,it is posaidble to mention the follcwing laws, revesled in the cata-

lytic activity and selectivity of chelate polymers,

1, Catalytic activity and selectivity are determined by the metal included in the
polychelate,

2, The second factor,deternining catalytic activity and selectivity is the nature
of addende atoms, connected with the metal in the chelate umit,

3¢ The third factor appears to be the nature of organic radicals,included in the
polymere .

4o Honomeric anslogues of the pclychelate series are catalytically considerably
less active than the corresponding polychelates,

5. Maximm catalytic activity of nickel and copper pclychelates in reactions of
hydrazine decomposition exceed the catalytic activity of oxides and sulfides of - '«
very same netals by two and more orders,

A comparison of elactro conductivity and catalytic activity of individual poly-
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chelates does not give aany indicatit;na for the presence of any king of interrelatiom
between same,

And so for example, zinc polychelates of structure 1, as well as copper ones,have
an electrical conductivity of 10-9 (ohm, cm) -1.n1cke1 poly-helates hove an electrical
conductivity of less than 10713 (Ohm.cm)-l (6). Catalytic activity of nickel and cop-
- per polychslates is high, anl zinc polychelates are catalytically inmactive,

The absence of connectiaon with elecirical conductivity is, apparently, connected
with the fact, that the ,bas_ic nature of chemosorption and catalysis are dctermined
not by the semiconductor properties of the polymer as a whole, but by the eleectron
state of the metal in chelate unit, This circunstance, apparently, is due to the de=
tected sharp inflnence of the nature of addenda atams,included in the chelate unit
on tho catalytic properties of the polymer, Tho high catalytic activity,disclosing
exclusively by chelate polymers of itraansient motals, make it possible to in-~
clude in the interpretation the results of the crystalline field thecry (7). But these
considerations do not include the high cetalytic activity of polychelates of monove-
lent copper in structure l,which does not have free d-levels, Catalytic activity of
Polychelates cantaining divalent copper, exceeds the catalytic activity of polychel-
ates of siructure 1, in which the moaovalent state of copper has been proven,

At present there is atill no clear idea adbout the mechanizn of electro=conduction
end the nature of conductivity of the investigated polychelates. It is possible, that
in polychelate of structure 1 is present a2 certain mumber of diul'ont .copper ions,

In this case the contradiction can be eliminated, Data on the effect cf chemical
adsovption of hydrazine on the electro o nduction of copper polychelates of struc-
ture 1 speak in favar of the electron nature of cocnductivity of these polymers,
Adsorption of hydrazine cause a roduction in resistance, 3,0, rise in electro coaduc-
tivity, Hydrazine,being adsorbed on nickelous =xide, reveals electron donor quali=

ties, It may be thought, that adsorbing on polychelates,it also remsins a donar, The

oxygen as a rule, during adsarption reveals exclusively acceptor Properties,becaning
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negatively chavrged, The entry of oxygen Iroduces no changes in resistance in a ma jarity
of polychelates, attesting to the absence of axygen edscrption on them., In few cases

as for exomple, for the 1(R,)Cu polymer the entry of oxygen at 120° is followed by @
rise in polychelate resistance from 3.7-11)8 to Le5 .-108 chms,which decreases again
when the axygen is removed by pumping, Oxygen and hydrazine, as they are adsorbded,
change the resistance of this polychelate in opposite directione

Such nature of change in electrical conductivity at the time of hydrazins and axygea
adsarption is character!.st_ie for semiconductors with electron conductivity.At re-
s3nt time is being conducted and investigation for the purpose of explaining the na=.
ture of electrical conductivity of the investigated polychelates,

Interesting is th%.rfoet of the organic part of the polymer om catalytic properties,
Replacement of sam arganie radicals by others leads to a change in the properties of
the olymer, especially, its thermo stability, which points toward a deep change in
the chemical bonds, which take place in the polymer (,8). And so for mnplo..for poly-
mer 2b (R,)0u the loss in weight when heated to 370° is 39%, for the polymer 2b (Rg)
O - 28,0% and for 2b(R5)Qx « only 12,5%, i.0e the strength of the poLvmrQ changes
at & change in polymers of structure 2a and 2b of radicals in magnitude r (R5)>"
(Rs)w(n,); catalytic activity of the polymer 2a(Rs,r';) Ou is greater than the cata-
1ytic activity of the 2a(Rg,r*;)Cu polymere

The effect if Dolymer structure on the selectivity of hydrazine decamposition
Teaction, is of rinciple interest, ' . )

Decasposition in two directions (by two tendencies), is possidly, connected with
two entirely different mechanisms of these mrocesses, It is not clear now,vhether
decanposition takes place oa varjous sections ar on ote and the very same ones and
vwhat the nature of these seciions is, To explain all these questions the mechanimm of
decanposition 48 being inve<: igated, The revealed laws have an amalogy with the laws
detarnining tha properties of fermants, Chelate polymers belong to the new type of

heterogenecus catalysts, intermediate between ardinary inorganic catalysts and natural
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highly active catalysts = fermonts. Rxplauation of the catalysis mechanism by such

contact ideas is of principal interest far the theary of selecting catalysts,
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